Utility of Large Language Models to Quantify Diagnostic Delays in Systemic Mastocytoms
A Real-World Study
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Table 4. Univariate regression analyses highlighting Predictors of diagnhostic delays from multivariate
significant predictors of diagnostic delays regression analyses

Variable Delta P-value » Multivariate regression analyses were performed to assess predictors

Table 2. Diagnosis and symptom details Table 3. Medication use prior to diagnosis of SM

Introduction Table 1. Baseline characteristics

. Systemic mastocytosis (SM) is a rare clonal mast cell disorder driven Characteristic Overall (N=301)

Variable Overall (N=301) Medication Overall (N=301)

by the KIT D816V mutation in ~95% of patients™ | Gender, n (%) Type of SM diagnosis Cromolyn 7(2) > - . years) of diagnostic delays (Table 5)

. Hlstor|C?I!y, the prevalence of SM has been estlmated at 1in 10,000 | Female 172 (57) Montelukast 8 (3) emographic details . Patients of non-Hispanic/Latino ethnicity and those with a driving distance
people,* alth70ugh a recent study suggests that it could affect up to 1 in Indolent SM 230 (76) | Age: >50 years (vs age <50 years) 2.4 0.004 | 189 less than 72.1 miles (lower quartile) versus more than 352.7 miles
5,00_0 people | | - o Male 129 (43) S ordering SM - Omalizumab 3 (1) Gender: female (vs male) 0.32 0.70 | 172 (upper quartile) were more likely to experience diagnostic delays

« SM |stchar?ﬁt?rlzed l?y clthronhc, .non-sE[)emfllc.:{ anfd I_?f’g: debllitating Race, n (%) Hanadhl ) Interferon 1 (<1) Race: White (vs non-White) 4.1 0.03 | 277  Patients without pulmonary symptoms were more likely to experience
SYMpPIOmS that tan SIghittantly impact quatity 0T ie . Aggressive SM 18 (6) L . Ethnicity: Hispanic/Latino (vs non-Hispanic/Latino) | —4.9 0.12 | 13 diagnostic delays than those with these symptoms

- The heterogenous and non-specific nature of symptoms frequently White 277 (92) Tyrosine kinase inhibitors ADI: 1QR (vs LQ) 7o | 18104 | 105
results in significant diagnostic delays, with an average delay of Asian 0 SM with associated hematolodic neoblasm 40 (13 Avapritinib 1 (<1 | | | .
approximately 6 years from symptom onset® ° P (19) P (=) ADI- UQ (vs LQ) —0.9 053 | 30 Conclusions

- Large language models (LLMs) can assist in reducing diagnostic Native American/Alaskan/Hawaiian 3 (1) Mast cell leukemia 4 (1) Imatinib 1(<1) Driving distance from Mayo, miles: IQR (vs LQ) | -3.7 | 1.4x10* | 146
delays by detecting SM-related symptoms in ?lectronic health records, Black/African American 5 (2) Mast coll sarcoma 2 (1) H1 antihistamines Driving distance from Mayo, miles: UQ (vsLQ) | -6.3 | 3.4x10° | 73 » We identified a cohort of patients with SM, a clonal disorder
enabling earlier identification and intervention Other 5(2) Diphenhydramine 17 (6) Symptom history? of mast cells characterized by non-specific symptoms, and

Not otherwise specified 0 5 ;@) Nasal/throat symptoms —-1.74 0.04 78 characterized their diagnostic journey
Unknown 11 (4 oxepin _ . . _ _ _
) Dinanostic iourne | Musculoskeletal symptoms 1371 009 | 113 Real-world studies indicate SM diagnostic delays in the
Ethnicity, n (%) 9 : y Fexofenadine 31 (10) Pulmonary symptoms ~-1.87 | 0.04 | 71 care continuii

+ Patients with SM were identified by the International Classification of Hispanic/Latino 13 (4) Dermatological symptoms prior to diagnosis 188 (63) Ketotifen 1(<1) gz:i:z:;zc?lasr Sﬂf:‘;f]:]s _;gg 0064012 13234 The estimated median diagnosis time per LLM was 1.8 years,
Diseases (ICD) codes at the Mayo Clinic from 2017 onwards Area Deprivation Index Preceding cutaneous mastocytosis 39 (13) Loratadine 36 (12) JIe Symp | "y similar to that seen with a manual approach in this data set

- The following ICD codes were used to identify the cases Anaphylaxis —-3.87 | x10 38 (median 1.7 years), but shorter than the median time of
_ 10 National ian (IQR 48.0 (28.0-68.0 H2 antihistamines i _ : | ’ . .

ICD 19. D47.02, C96.21, C9430, C96.22 ationa , median ( Q ) ( ) Tested for KIT D816V 78 (26) | - F.atlgue 3.11 2x104 91 6 years from symptom onset to dlagn05|s that has been
_FhIC.CI?-9..f?Od2.6O., 23855(1 e " b an . State, median (IQR) 5.0 (3.0-8.0) S ositive for KIT Da1EY 62 (21) Cimetidine 4 (1) nghthe.adedness —0.62 0.51 66 reported previously®: this may be due to these patients being
* The identified patients had their Sk manually confirmed by a hematologist |\, 0. driving distance to Mayo Clinic, Famotidine 20 (7) Abdominal symptoms —2.42 | 0.003 | 118 evaluated at an SM center of excellence (COE)
(SM expert) uSing chart review . 161.9 (72.1-352.7) Neuropsvchiatric symptoms —097 0.24 110
T it tional revi he University of miles (IQR) Elevated serum tryptase (>11.5 ng/mL) 14 (5) Corticosteroids ropsy ymp ' ' We uncovered non-Hispanic/Latino ethnicity and shorter

° e Stu.dy was |n3t|t9tlona review board—approved at t _e. UnIVGFSIty O ] ] ] o 2All symptom history comparisons are versus the group of patients without a history of the corresponding symptom. : . B : :

California San Francisco (#22-37116) and at the Mayo Clinic (#22-007433) Patients with insurance, n (%) Symptom history Budesonide 14 (5) ADI, area deprivation index; LQ, lower quartile; UQ, upper quartile. distance from the clinic as possible predictors of delayed

- Eligible patients with a manually confirmed diagnosis of SM were Commercial 140 (47) . diagnosis time
randomly sampled into development and test sets for iterative prompt Anaphylaxis 38 (13) Dexamethasone 15 (9) - - - -
engineering and evaluation, respectivel Medicare 39 (13) i - Table 5. Multivariate regression analyses highlightin rior to diagnosis, cermalological SRt
Thg tat gf the-art LLM , pt' yt ined t f GPT)-4 icai -eoue 1Y rlydrocortisone e signific.ant predictors c?f diagnostic dyelays I ° frequent, Tollowed by gastroInte SIS

e state-orne-ar , JENETAtive proframned ransiormer ( ).' ’ Medicaid 0 Lightheadedness, syncope/fainting 66 (22) Prednisone 8 (3) neuropsychological, and allergic manifestations
was used to extract symptoms related to SM from clinical notes prior : Delta
to the date of diagnosis Self-pay or other 0 Skin symptoms? 124 (41) Methylprednisolone 5 (2) variable (years) P-value N Per the multivariate analysis, the absence of pulmonary

A zero-shot structured prompt was used to call the GPT-4 LLM Unknown 122 (41) Gastrointestinal symptoms® 150 (50) Fludrocortisone 3 (1) Demographic details Zymptor?s Z{va:s the most salient predictor of longer

* The LLII?/I-basetddsymptct))zn a?sessment was benchmarked against the Age at the time of diagnosis, 57.3 (46.7—68.0) Neuropsychiatric symptoms: 110 37) Age: >50 years (vs age <50 years) _03 0.8 189 lagnostic delays
rl\r/}azga i/.cur? e varli es ocrj .accuracyt o . | median (IQR) | | | Figure 1. Kaplan-Meier curves showing time from Gender: female (vs male) 0.6 0.6 172 The current LLM-based ascertainment of SM-related

- viedian ime 1rom each preceding sympiom 1o disease diagnosis was : - : Cardiovascular symptoms* 33 (11) ' - . \Whi \Whi symptoms is comparable with symptom assessment by humans
computed separately for LLM-based as well as the manual approach Year of SM diagnosis, median (IQR) 2021 (2019-2023) g initial symptom onset to definitive SM diagnosis with Rac.e.. Wh'j[e (VS_ non White) - 0.54 1 0.92 277 ai/anpSI\/I COE C(I)Dntinued refine):ne%t of the model ma 4 ovide
using the Kaplan-Meier method Patients with SM diagnosis, n (%) Pulmonary symptoms® 71 (24) symptom identification Ethnicity: Hispanic/Latino (vs non-Hispanic/Latino) | =12.26 | 0.02 13 o | | _ yp

? . an opportunity to further shorten the time to diagnosis beyond
Musculoskeletal symptoms! 113 (38) ADI QR (vs LQ) 8.2 0.03 105 - "
Before 2020 115 (38) ymp 100 - ADI: UQ (vs LQ) _0.57 071 50 provider symptom recognition of SM
_ After 2020 (COVID-19 era) 186 (62) N?S?'/fhroat ?ympt?m%"g ] | 78 (26) | — LLM-derived symtoms Driving distance from Mayo: IQR (vs LQ) 0.55 0.76 | 146
QR interquarte range; SM, systernic mastocytosis cogniive dysfuncion, anxiely, depreseion, and inabily to congentate. P alpitaions, chest pain. and blood o — Manually derived symptoms Driving distance from Mayo: UQ (vs LQ) -51 | 002 | 73 | References
pressure instability. *Cough, wheezing, and shortness of breath. Bone/muscle pain, osteopenia, osteoporosis, - O 0.75 - Svmbptom historv? 1. Kristensen T et al. Am J Hematol. 2014;89:493-498; 2. Ungerstedt J et al. Cancers. 2022;14 :3942;
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* The dev_elopment set mclyded 5.pat|ents \_lefh 53 clinical notes, and the » The LLM-based approach demonstrated high accuracy in detecting » Univariate regression analyses were performed to assess predictors i, § Cardiovascular symptoms -1.25 0.57 33
test set included 296 patients with 507 clinical notes SM-related symptoms from clinical notes, with accuracy of 100% of diagnostic delays s < 0.25- Dermatologic symptoms 208 | 013 |124| Acknowledgements
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* Diagnosis and symptom details, and prior to SM diagnosis medication from the onset of symptoms to definitive diagnosis distance were more likely to experience diagnostic delays (Table 4) 0.00 - | | | | | | for download at:
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